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ABSTRACT 



The purpose of this thesis is to evaluate the current 
Naval Supply Systems Command stock point productivity 
enhancement project known as Engineering the Workplace 
(EWP) . It was found that EWP produced significant efficien- 
cies in physical distribution work methods, employee 
performance, and material organization and flow. It was 
also found that EWP is an effective tool for training 
employees in efficient work methods, monitoring employee 
performance on a continuing basis, and providing managers 
with a quantitative decision making control mechanism that 
is based on objective performance measurement indices. The 
major conclusion is that EWP is an appropriate methodology 
to use in other functional areas of a stock point. An 
aggressively managed application of EWP throughout other 
segments of the NAVSUP community may significantly improve 
productivity. 
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I. 



INTRODUCTION 



A. BACKGROUND 

The first half of the decade beginning with 1980 
witnessed the greatest peacetime growth in United States 
defense forces of any period in history. A significant 
portion of the Department of Defense (DOD) Budget was 
earmarked to procure and support a 600-ship Navy, a force 
level which became the goal of the Reagan Administration and 
a rallying cry for its chief proponent, then Secretary of 
the Navy, John Lehman. 

Concomitant to the growth in Navy procurement and 
research and development accounts were increases in the 
operation and maintenance appropriations which funded the 
Naval Supply Systems Command's (NAVSUP) material logistics 
network. A Navy which was increasing its operating forces 
and broadening the scope of its mission areasinspired a 
complimentary expansion in the capability of its logistics 
support infrastructure. 

To support a changing Navy that was growing in both size 
and sophistication, NAVSUP management worked to raise the 
effectiveness of supply support by integrating state-of- 
the-art business, information systems, and material handling 
technology into the activities throughout its area of 
responsibility. The inventory control points (ICPs) 
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whichmanaged the worldwide inventories of Navy material and 
the stock points which maintained and distributed those 
inventories were the focus of most of this technological 
transformation within the NAVSUP community. 

The supply system inventory and financial inaccuracies 
experienced during the 1970s coupled with the reality that 
existing logistic data processing networks had distinct 
limitations on their ability to handle additional workload, 
gave rise to several improvement projects designed to enable 
the supply system to: 

- adequately cope with future projected workload, 

- resolve problems caused by incompatibilities between the 
various logistic data networks, 

- erect the framework within which future supply system 
enhancements might be developed. 

The Stock Point Logistics Integrated Communications 

Environment (SPLICE) , Stock Point ADP Replacement (SPAR) , 

Navy Integrated Storage Tracking and Retrieval System 

(NISTARS) , and Inventory Control Point Resolicitation were 

the principal projects chartered to transition the Navy 

supply system into a state-of-the-art business enterprise. 

By the mid-1980's the DOD funding environment had 

changed significantly. Congressional budget and deficit 

reduction pressures were forcing defense leaders to redefine 

their priorities in the face of dwindling resources. 

NAVSUP leadership realized that the technology 

investment projects were the keys to modernizing the supply 
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system. However, the schedules of some of the principal 
projects (SPLICE, SPAR, and NISTARS) had slipped signifi- 
cantly after they had undergone several scope changes and 
cost increases. What was needed was a way to make existing 
supply operations more efficient without compromising the 
quality of logistic support? a way of responding positively 
to resource decreases by making operational economies while 
maintaining logistic response and availability levels. 
NAVSUP conducted research in the commercial sector and 
observed several ways in which private companies were 
improving efficiency while maintaining the quality of their 
products. One particular productivity enhancement process 
became the foundation for a project, called Engineering the 
Workplace, which NAVSUP decided to apply at several of its 
stock points. 

B. ENGINEERING THE WORKPLACE (EWP) 

Engineering the Workplace (EWP) is a productivity 
enhancement methodology, based upon modern industrial 
engineering principles. It is being applied primarily in 
the physical distribution functions at seven of the eight 
Naval Supply Centers. Borne out of a 1986 NAVSUP 

initiative, the EWP project is intended to: 

- improve operational efficiency, 

- improve personnel utilization, and 

- decrease operating costs. 
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A maxim which appears in the Process Control Office at the 
Naval Supply Center (NSC) Pensacola, Florida epitomizes the 
fundamental precept of EWP: 

- You can manage what you can measure, and you can measure 
what you can define. 

Although the goal of EWP is to effect cost saving operating 
efficiencies, the thrust of EWP is the transformation of 
attitudes? the attitudes created by the commitment of 
management and workers to improve productive work processes 
and to do quality work the first time? attitudes which form 
the foundation on which sound supply business operations may 
flourish. 

WP is a task based methodology comprised of three 
distinct procedures: 

- Analyzing and reorganizing the material flows in an 
operation to effect process efficiencies, 

- Developing engineered performance standards and 
statistical process control mechanisms to effect 
productivity enhancements and maximize worker 
utilization, 

- Instituting a management information data system which 
allows managers at all levels to measure performance and 
plan utilization. 

A more detailed review of EWP methodology, including a 
description of the functions of those responsible for the 
implementation of EWP, will be presented in Chapter II of 
this thesis. 
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C. FOCUS OF RESEARCH 

The primary thrust of this study is to discuss, analyze 
and evaluate the Engineering the Workplace (EWP) project as 
it is being implemented at three Naval Supply Centers 
(NSCs) : NSC Pensacola, Florida; NSC Jacksonville, Florida; 

and NSC Oakland, California. Data from each research site 
will be examined for those factors, internal and external to 
the activity, which contribute to the effectiveness of each 
unique EWP application. Productivity measurements from NSC 
Pensacola will be analyzed to determine if there is a 
significant increasing or decreasing trend, and to determine 
the frequency and magnitude of work process improvements. 

The goal of the research is to provide the Naval Supply 
Systems Command (NAVSUP) with an objective independent 
analysis to help them determine the effectiveness of EWP and 
its exportability into other functional areas. A secondary 
goal of the research is to present a compendium of EWP 
benefits that have been realized at each research site (as 
of the date of the research) to provide the reader with an 
indication of what could be expected in future EWP 
implementations . 

D. RESEARCH QUESTIONS 

Based upon the research goals offered above, the 
following primary question will be addressed in this study; 

- Is Engineering the Workplace (EWP) an appropriate 

methodology to apply to other than stock point physical 
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distribution functions, and if so, into what other areas 
might EWP be exported? 

To support the primary research question, the following 
subsidiary questions will be addressed: 

- What productivity enhancements have been effected via 
EWP implementation? 

- Have individual applications of EWP been tailored to 
accommodate unique stock point working environments? 

- What tradeoffs to successful EWP implementation have 
been encountered which might be of significant detriment 
to future site implementations? 

- What workforce productivity trends have been experienced 
in the course of EWP implementation which might provide 
insight into future expectations? 

E. RESEARCH METHODOLOGY 

The information presented in this study was obtained 
from the Naval Supply Systems Command (NAVSUP) , available 
literature, and from three Naval Supply Centers (NSCs) via 
primary and secondary research. The NSCs were selected for 
this study by virtue of their respective estimated levels of 
EWP project completion: 

“ NSC Pensacola: 95%, 

- NSC Jacksonville: 50%, 

- NSC Oakland: 15%. 

Primary research consisted of personal interviews of key 
individuals at each of the selected supply centers. The 

framework of the interviews was developed from selected 
questions identified during review of the available 
literature. Local documentation, activity records and 
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reports, and firsthand observations were also primary data 
used in this study. 

The secondary research methodology used was a 
comprehensive review of the literature. The review was done 
to familiarize the researcher with the fundamental 
industrial engineering and material handling principles of 
the EWP procedure. The literature was obtained from several 
sources including the Naval Supply Systems Command (NAVSUP) , 
the Naval Postgraduate School library, Naval Supply Center 
(NSC) Pensacola, NSC Jacksonville, NSC Oakland, Advanced 
Technology Incorporated (ADTECH), and H.B. Maynard and 
Company, Incorporated. 

F. SCOPE OF THE STUDY 

This study is limited to examining the implementation of 
EWP at the three aforementioned Naval Supply Centers (NSCs) 
selected for research. 

The study focuses on the separate EWP implementation 
experiences encountered by each activity and analyzes and 
evaluates key performance improvement indices. Addition- 
ally, a compilation of recommended work process improvements 
will be presented. 

G. ORGANIZATION OF THE STUDY 

Chapter II provides a detailed examination of the EWP 
methodology after a brief description of the environment 
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which led to the implementation of such a project within the 
supply community. 

Chapter III presents the pertinent information gathered 
from the data sources in a manner which facilitates the 
understanding of the major outputs of EWP: performance, 
utilization, and productivity. Charts and tables are 
provided to illustrate the relationship of EWP outputs to 
inputs . 

Chapter IV analyzes and evaluates the data presented in 
Chapter III via trend and time series regression analyses. 
Graphs are provided to enhance the meaning of the analysis. 

Chapter V provides the conclusion of the research study 
which ties the data presentation and analyses of Chapters 
III and IV to the primary and secondary research questions. 
Chapter V also offers recommendations to aid in the 
implementation of future EWP efforts. 
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II. BACKGROUND 



A. INTRODUCTION 

This chapter examines the reasons the Navy chose 
Engineering the Workplace (EWP) as a vehicla to enhance 
productivity at selected Navy stock points. The chapter 

also describes the business environment which supported the 
decision to implement EWP, then tells how EWP was supposed 
to improve productivity, and how soon productivity 
improvement and thus savings were to be realized after 
implementation . 

1 . The Genesis of Engineering the Workplace 

The early 1980s saw steady growth in the Naval 
Supply Systems Command's (NAVSUP's) operation and 
maintenance (O&MN) budgets. These budgets peaked in 1983- 
1984. During that "watershed" period, Navy Supply System 
management forecasted a period of eight to ten years of 
declining supply funding, whereas other Navy operations 
accounts were forecasted to increase. [Ref. 1] Figure 2-1 
graphically displays the actual and projected NAVSUP 
resource base for 1984 through 1994. [Ref. 2] 

The only projects approved in the NAVSUP budget in 
1984 pertained to long range automated data processing (ADP) 
eguipment and software modernization. These were the Stock 
Point ADP Replacement (SPAR) , Stock Point Logistics 
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Figure 2-1 NAVSUP Resource Base 

Integrated Communications Environment (SPLICE) , and 
Resolicitation projects. Stock Point ADP Replacement (SPAR) 
was being developed to improve stock point operations 
through hardware and software system replacement. The Stock 
Point Logistics Integrated Communications Environment 
(SPLICE) was being developed to provide telecommunications 
support and interactive transaction processing to stock 
points and selected field activities. [Ref. 3] 
Resolicitation was being developed to improve inventory 
control point (ICP) operations through hardware and software 
system replacement. SPAR, SPLICE, and Resolicitation 
represented multi-year investments of several billion 
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dollars that were still in the design, development and pre- 
implementation stages with tangible benefits expected 
several years in the future. 

In a 1984 strategic planning conference, Naval 
Supply System management considered the austere funding and 
resource picture for the coming years. Against this 
backdrop of dwindling resources, NAVSUP decided to look at 
ways to enhance the efficiency of its existing operations 
until the full implementation of SPAR, SPLICE, and 
Resolicitation. Ruled out were decisions to accelerate the 
SPAR, SPLICE, and Resolicitation projects. Long range 
improvements like military construction and automated 
material handling systems were also excluded. The central 
question posed was, "What can we start today that will 
enable increasing workload to be done with decreasing 
resources?" [Ref. 4] 

A common sense approach was taken by NAVSUP' s Deputy 
Commander for Physical Distribution (Code SUP 06) who 
advocated first finding out what private companies were 
doing along this line, comparing and evaluating their 
respective programs, and then selecting the most adaptable 
of the methods as candidates on which to base a choice of 
contractors. After several months of study in the 
commercial sector, NAVSUP researchers found that companies 
which had implemented engineered performance standards 
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together with incentive pay programs showed the greatest 
sustained increases in worker productivity. [Ref. 1] 

The physical distribution functions at the smaller 
supply centers were chosen over other possibilities for the 
initial application of the efficiency enhancement project 
within the NAVSUP community. NAVSUP Management reasoned 
that at Navy stock points, as in private industry, the 
traditional physical distribution functions of material 
receiving, segregating, stowing, and issuing lent themselves 
most appropriately to the application of engineered 
performance standards where human effort could better be 
measured and productivity more easily ascertained. Of the 
smaller stock points envisioned to initially apply the 
project, Naval Supply Center (NSC) Pensacola, Florida was 
selected as the prototype site for engineered performance 
standards implementation. As the newest supply center, NSC 
Pensacola had a smaller workforce and workload tasking than 
other Navy stock points, and it possessed physical 
distribution facilities considered ideally configured for 
maximizing productivity enhancements. The rationale behind 
selecting NSC Pensacola as a prototype was straightforward; 
applying such a project first at a small activity would mean 
that adjustments in the methods of implementation would be 
easier to make. These adjustments could then be adopted 
when applying the project at follow-on activities. 



12 



NAVSUP considered alternative efficiency enhancement 
methodologies which had demonstrated impressive payoff in 
the manufacturing and retail segments of private industry. 
One methodology was based on the statistical quality control 
techniques and concepts advocated originally by Dr. Edward 
M. Deming in the 1940s. Deming's methodology was applied 
successfully in the Japanese economy and is gaining wider 
acceptance in U.S. industry. The other methodology was 
based on the engineered performance standards and process 
control concepts of modern industrial engineering 
disciplines, a methodology which has been implemented 
successfully throughout U.S. industry. 

Contractors representing both of the above 
methodologies were selected as candidates to compete for a 
NAVSUP contract. In 1986, a cost plus fixed fee contract 
was awarded to Advanced Technology Incorporated (ADTECH) , of 
Reston, Virginia to develop and install management 
improvements at designated Naval Supply Centers based upon 
industrial engineering methods. As stated in the contract, 
it was NAVSUP' s desire to: 

...apply state-of-the-art, industry-proven management 
techniques to improve the effectiveness and efficiency of 
supply center physical distribution operations while 
reducing the cost. [Ref. 6:p. 22] 

The objectives cited in the contract's statement of work 

gave ADTECH a broad charter to: 
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- Determine and correct problems, 

- Increase productivity in terms of quality, quantity, and 
timeliness, 

- Improve utilization, 

- Improve performance, 

- Decrease cost of operations, and 

- Provide for continous improvement of operations. 

Engineering the Workplace (EWP) was initiated, approved, and 
funded as a NAVSUP project (via Office of the Chief of Naval 
Operations {OPNAV Code 41} sponsorship) less than one year 
after the original idea was conceived. Because budget 

leadtime was insufficient to program for the project and 
because efficiency benefits were expected to exceed 
investment costs, NAVSUP funded EWP from its own budget 
resource base. However, NAVSUP envisioned receiving follow- 
on funding through the Office of the Chief of Naval 
Operations, Deputy Commander for Logistics (OPNAV Code 04) 
for the outyears after project success could be demonstrated 
at the prototype site. [Ref. 4] 

Specific implementing objectives, designed to 
maximize EWP benefits, called for: 

- Cost justifying methods improvements via: 

maximizing immediate productivity gains, 
increasing material accountability, 
the pragmatic use of technology, and 
simplifying work procedures; 

- Optimizing employee performance through: 
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- reducing the size of the workforce, 
cross training workers in other tasks, 
increasing employee productive work time, and 
increasing the speed of work accomplishment; 

- Improving the quality and economy of operations via: 

instituting management control tools, 

using workload and resource planning methods, 

creating a lean management profile, and 

- use of budget planning tools. [Ref. 7:p. 1] 

2 . EWP Scope and General Methodology 

The original contract with ADTECH included five 
supply centers in the EWP implementation plan: 

- NSC Pensacola, Florida, 

- NSC Jacksonville, Florida, 

- NSC Charleston, South Carolina, 

- NSC Puget Sound, Washington, and 

- NSC Pearl Harbor, Hawaii. [Ref. 7:pp. 4-19] 

The largest supply centers, NSCs Oakland and San Diego, 
California, and NSC Norfolk, Virginia were not included in 
the original purview of EWP because those centers were 
implementing the Naval Integrated Storage, Tracking and 
Retrieval System (NISTARS) . The NISTARS project included 
the installation of facilities, automated material handling 
systems hardware and software, and the performance of 
comprehensive material flow analyses. 
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NSCs Oakland and Norfolk, and the Ships Parts 
Control Center (SPCC) Mechanicsburg, Pennsylvania have since 
been included within the EWP charter (SPCC being the first 
NAVSUP activity to apply EWP to the clerical area in their 
weapon system provisioning section) . Using the concepts of 
Edward Deming, NSC San Diego has embarked on a separate 
efficiency project. 1 At present, seven of eight Naval 
Supply Centers and one Inventory Control Point are 
implementing EWP in at least one of their primary functional 
areas . 



Before beginning EWP at any of the selected sites, 
several points of understanding were agreed upon by the 
contractor and Navy EWP project managers. These points were 
integrated into implementation plans: 

- Although the supply centers performed similar physical 
distribution functions related to material management 
and movement, each had a unique configuration of land, 
buildings, space layout and automation. 

- The volume of workload, mix and quantity of items 
carried, and type of customers supported varied 
considerably by site. 

- The mission, organization, and functions of each center 
varied. 

- The workforces themselves and local labor representative 
organizations differed. 

- Application of EWP methodology, particularly standards 
establishment and performance measurement, should 
reflect site uniqueness. [Ref. 4] 



-^■The NSC San Diego efficiency project is not included 
within the scope of this research. 
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Site implementation of EWP occurs via three 
interrelated tasks. Task A is called the material flow 
analysis. It consists of an engineering study of the flow 
of material and the accompanying documentation throughout 
all physical distribution functions so recommendations may 
be proposed which: 

- improve the quality, quantity, and timeliness of 
material flow, 

- optimize storage, 

- minimize movement of material and documentation, and 

- provide alternatives which represent the least cost to 
the Government as well as being the most beneficial to 
overall Navy supply distribution operations. 

The material flow analysis (MFA) is intended to 
identify improvements which promise relatively quick payback 
(less than three years) , and potentially high return on 
investment. The MFA looks closely at: 

- whether material is located in the right building, 

- whether the material locations within a building 
optimize storage and minimize the movement of material 
and documentation, and 

- whether material flow enhancements such as storage aids 
or automated material handling systems should be 
recommended. 

Task B consists of developing engineered performance 
standards at the worker level which are site unique. 
Quality, quantity and timeliness of work performed by each 
individual worker is statistically charted, measured and 
evaluated to render standard units of work measurement for 
each separate work function. Task B uses the Maynard 
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Operation Sequence Technique (MOST) as the industrial 
enqineering tool to develop performance standards. MOST is 
a modern work measurement procedure which evolved from the 
time studies of Frederick W. Taylor and motion studies of 
Frank and Lillian Gilbreth. MOST is a proprietary technique 
of H.B. Maynard and Company, International Management 
Consultants, who are subcontractors to ADTECH for EWP 
implementation. In Task B, the contractor has developed 
statistical process control software for microcomputers and 
stand-alone minicomputers. The results desired from Task B 
include providing first and second level supervisors with 
the ability to evaluate and control work processes and to 
schedule labor for maximum work efficiency and worker 
utilization. [Ref. 6:pp. 23-26] 

Task C involves creation of a personal computer 
based software support system, the EWP Productivity 
Enhancement System (EWPPES) , which enables management, from 
first level supervisors to the Commanding Officer, to 
monitor aggregate productivity measures based on the unique 
engineered standards developed under Task B. EWPPES 
integrates the labor scheduling and statistical process 
control features of Task B to provide management the 
capability to quantitatively measure group productivity for 
workload projections, performance evaluations, resource 
allocations, and budget determinations. [Ref. 8] 
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Figure 2-2 shows a task implementation schedule for 
NSCs Pensacola, Jacksonville, and Oakland based on 
information from the EWP contract. [Ref. 6] 



EWP IMPLEMENTATION SCHEDULE 



NSC OAKLAND 



NSC JACKSONVILLE 



NSC PENSACOLA 




1986 1987 1988 1989 1990 



Figure 2-2 EWP Task Implementation Schedule 

3 . Detailed EWP Methodology 

How EWP is implemented directly reflects the 
uniqueness of each subject site and carefully considers the 
individual characteristics mentioned previously as 
acknowledged points of understanding between the contractor 
and EWP project managers. The following sections describe a 
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physical distribution application of EWP at a generic stock 
point to provide an understanding of the composition and 
responsibilities of the implementation team and of the task 
relationships and timeframes involved. 

a. The EWP Implementation Team 

The EWP implementation team is comprised of 
representatives from NAVSUP (Code 0621), ADTECH, H.B. 
Maynard and Company, and the application supply center. 
Although the contractor, ADTECH, is responsible for carrying 
out the terms and conditions of the EWP contract, the 
implementation team provides a technical and organizational 
support framework which helps the contractor with data 
gathering, information access, and government relations. 
All but the NAVSUP representative are typically co-located 
at the site in an EWP project office situated near physical 
distribution areas and with access to required information 
sources . 

b. Analyzing the Material Flow 

Analyzing the material flow is the Task A action 
which requires the contractor to evaluate how material moves 
throughout the stock point, from the point of receipt to the 
point of issue. The contractor must also determine what 
instructions govern the movement of the material. 

First, the EWP team achieves an understanding of 
the factors internal to the activity which will affect 
project implementation (the activity's mission, tasks, and 
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functions) . Next, the EWP team develops an understanding of 
the factors external to the activity which will affect 
project implementation (directives from higher authority 
which describe the activity's operating environment and 
performance goals) . Then, a detailed study of the 

characteristics of the physical distribution function 
(facility location and condition, degree of automation, 
workload, workforce, etc.) is made. Additionally, the EWP 
team becomes familiar with the features of the supply 
business environment within which the center must work 
(Uniform Automated Data Processing System for Stock Points 
{UADPS-SP}, Navy Automated Transportation Documentation 
System (NAVADS), etc.). 

After developing an understanding of the 
activity and its environment, the EWP team establishes goals 
for the material flow system. At NSC Pensacola, the 
following were some of the goals established: 

- Effectively integrate productivity enhancing projects 
into the activity, 

- Develop an efficient, flexible warehouse layout and 
operations plan that will accommodate increased demands, 

- Introduce procedures, policies and systems that will 
help personnel do their jobs better, 

- Improve material flow within the NSC, 

- Maximize the use and productivity of part time and 
reserve personnel, 

- Advance toward running the NSC like a commercial 
facility. [Ref. 9:pp. 3-4] 
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A study of material flow into, within, and out 
of the supply center is then conducted, taking into 
consideration : 

- use of warehouse and support spaces, 

- types and configuration of storage facilities, 

- the need for additional storage aids, 

- material requiring special storage and handling, 

- activities involving information flow, 

- level and pace of material flow activity, 

- use of material handling equipment and systems, and 

- the degree of space utilization. [Ref. 6:p. 28] 

Although the Task A study is undertaken with the goal of 
maximizing the use of facilities and spaces, and minimizing 
the movement of material, the objective is to produce a 
baseline "as-is" rendering of existing material flow 
conditions on which recommendations and improvement methods 
may be based. This is accomplished by observing, measuring 
and documenting actual conditions out on the warehouse 
floor. 

Exhibits 2-1, 2-2, and 2-3 are examples of 
"from-to" and "material flow" charts which were used by the 
contractor at NSC Pensacola to document the daily mean 
number of material moves between various warehouse locations 
during the receive-store-pick-ship cycle measured over the 
span of an observed business day. [Ref. 9] 
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Exhibit 2-1 shows the quantity, distance, 
locations from and to which material moves. 





Exhibit 2-1 "Flow In/Flow Out" Chart 



and 
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Exhibit 2-2 
per day from storage and 



shows the number of pallets moved 
receiving to issuing and storage. 
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Exhibit 2-2 



"From-to" Chart 
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Exhibit 2-3 depicts a warehouse floor layout to 
show the distance and direction of travel with which 
material receipts move. 




Exhibit 2-3 Material Flow Chart (Receipts) 
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Exhibits 2-4 and 2-5 are examples of NSC 
Pensacola storage analysis and warehouse usage charts which 
help determine ways to achieve storage and warehouse space 
efficiency. 
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Exhibit 2-4 Storage Analysis Chart 



Other charts used by the EWP team to facilitate 
the data gathering process (but not presented) include: 

- layout charts which depict the ,, as-is" layout of 
warehouse storage showing existing aisle space, wall and 
column locations, bulk storage, and office locations, 

- storage rack usage potential charts which show the 
additional cube and storage capacity that can be 
obtained by using narrow aisles and stacking material 
four pallets high as opposed to three pallets high, 

- flow process charts which describe the detailed actions 
involved in a particular process. 
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Exhibit 2-5 Warehouse Usage Chart 

- flow diagrams which physically depict the sequence of 
material flow, and 

- activity relationship charts which show the relationship 
between steps in a material flow process, the importance 
and reasons for steps to occur close to each other. 
[Ref. 10 : pp . 28-56] 

c. Analyzing the Data 

Analyzing the data is the process of studying 
the information obtained through the material flow 
investigation (the measurements, charts, layouts, diagrams, 
and graphs) , within the context of the principles of 
materials handling, to recognize opportunities for process 
improvement. Areas that have potential for significant 
payback, with only a moderate investment, are particularly 
desired. The analytic approach taken by the EWP team is a 
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comprehensive investigation to determine why things are done 
the way they are. By interviewing appropriate personnel and 
studying the material flow processes reflected on data 
charts and graphs, extra steps and unnecessary delays are 
often identified. 

Two materials handling principles with which the 
EWP team would be particularly concerned are the: 

- Systems principle: Integrate those handling and storage 

activities which are economically viable into a 
coordinated system of operation including receiving, 
inspection, storage, production, assembly, packaging, 
warehousing, shipping and transportation, and the 

- Simplification principle: Simplify handling by 

eliminating, reducing, or combining unnecessary 
movements and/or equipment. [Ref. 11 :p. 12] 2 

Analyzing the activity for improvement involves 
understanding the current operation in terms of what is 
done, how it is done, why it is done, and how much is done. 
The kind of data analyzed is carefully selected through a 
modeling process which tests the relevance of the data to 
the measurement of work processes. A reference model 
developed for use at NSC Pensacola includes seven steps: 

- Understand activity mission, tasks, and functions, 

- Identify the key data which determines task work 
content, 

- Determine current workplace work standards, 

- Gauge work standards ' improvement potential , 

- Model the best practical current situation, 



2 A complete listing of the twenty principles of 
materials handling is provided in Appendix A. 
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- Devise alternatives, 

- Model and select alternatives. [Ref. 9:p. 8] 

Key data areas subject to analysis at NSC Pensacola 
included: 

- Work methods and procedures used to accomplish the tasks 
specific for each area of a warehouse, 

- Defining workload information for each operating 
location and workstation, 

- Activity times required to accomplish a task, 

- Material flow patterns for various classes of supplies 
and customers, 

- Receiving volumes according to transportation mode, 
packaging conditions and time required to prepare for 
warehousing, 

- Classes of customers and order processing volumes for 
each customer class, and 

- Warehousing costs in terms of facilities, operating 
costs and labor costs. [Ref. 9:pp. 12-13] 

The following industry standards and measures were applied 

to key data during the analysis: [Ref. 9:pp. 9-10] 

- Rack dimensions, 

- Aisle widths, 

- The extent of pallet use, 

- Speed of movement for hi-rise picker, 

- Unloading times (per load, line item, pallet, case) , 

- Stow times (per line item, per pallet) , 

- Replenishment times, 

- Sorting times (per line item, per order) , 

- Picking times (per line item, pallet, order) , 
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- Packing times (per parcel, line item, case), 

- Dispatch times (per dispatched pack, per load) . 

d. Formulating and Evaluating Alternatives 

Formulating and evaluating alternatives is the 
procedure by which the EWP team transforms the analyzed data 
into recommendations for action that are consistent with 
achieving maximum savings in the minimum amount of time and 
with the minimum cost to implement. The alternatives should 
reflect the judicious application of the materials handling 
principles. In addition to considering technical and 
economic factors, system relationships are considered to 
preclude trading off improvements in one functional area for 
problems in another. For example, adding a manual conveyor 
system to increase the flow of material from storage to a 
packing activity may create an unanticipated packing backlog 
unless the additional workload is accommodated. 

Focusing on productivity as a reference point 
(measured as the ratio of output to input) , basic industry 
measures and ratios are applied to show how efficiently 
resources are being used to generate work, products, or 
levels of service. By evaluating the alternatives using 
accepted ratios and measures, the relative worth of each of 
the alternatives is ascertained. [Ref. 10:pp. 58-60] The 
Materials Handling Handbook states: 

Materials handling is increasingly being recognized as 
a primary tool for improving productivity. Thus, any 
evaluation of alternative materials handling plans must 
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consider how each approach will affect the productivity of 
the facility or operation it is intended to serve. 

The basic measure of productivity is the ratio of 
output to input. The ratio can be expressed in terms such 
as number of damaged loads per total number of loads, 
cases packed per labor hour, items stored per square foot, 
and so on. Such ratios are used to show how efficiently 
resources are being used to generate work, products, or 
levels of service. They provide a measuring stick of 
relative performance. 

The primary value, then, of these ratios lies in their 
use for monitoring performance over time. Comparisons can 
be made against ratios achieved during past periods. 
Trends or changes in productivity measures can be used to 
evaluate performance of a system, and point to the need 
for corrective action where appropriate. [Ref. 11 :p. 6] 

Ratios applied toward materials handling process evaluation 

which reflect measurements taken during daily periods of 

observation (over several months) include: 

- (MHL) Material Handling Labor ratio = 

Personnel assigned to MH Duties 
Total Operating Personnel- 3 

- ( DLMH) Direct Labor Material Handling ratio = 

MH Time Spent bv Direct Labor 
Total Direct Labor Time 

- (EU) Equipment Utilization Output ratio = 

Actual Hours Equipment Used 
Total Time Available For Use 4 



3 Total Operating Personnel equates to the total number 
of personnel employed in a particular physical distribution 
functional area like receiving, packing and crating, etc. 

4 Total Time Available For Use equates to the time, 
during the period of observation, that materials handling 
equipment is available to be used and not unavailable for 
any reason (down for maintenance, repair, etc.). 
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(SSUE) Storage Space Utilization Efficiency = 



Storage Space Usefully Occupied 
Net Usable Space 

- (ASP) Aisle Space Percentage = 

Space Occupied By Aisles 
Total Space 

- Receiving (Shipping) Productivity ratio = 

Weight Received (Shipped) Per Day 
Labor Hours Per Day 

- (TPI) Throughput Performance Index = 

Actual Throughput Per Day 
Daily Throughput Capacity 5 

- Warehousing Cost Per Unit Of Throughput = 

Total Warehousing Cost 
Total Throughput Units 

- Transportation Cost Per Unit Transported = 

Total Transportation Cost 
Total Volume Of Orders Processed 

- Order Processing Cost Per Unit Of Order = 

Total Order Processing Cost 
Total Volume Of Orders Processed 

In addition to the above objective ratios of 

relative worth, sub j ective/ intangible measures are 

considered in evaluating alternatives. The relative 

importance (on a low to high scale of one to ten) of factors 

such as morale, customer service, labor skill 



5 Daily Throughput Capacity is a measure of the number 
of line items which could be moved to or from storage per 
day based upon scheduled workload. 
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